Background: Poor adherence is a significant nursing and public health concern because it affects patients' quality of life. It compounds the disease burden of the growing coronary heart disease population. Promoting optimal patient adherence to cardiac-health enhancing recommendations by healthcare providers can reduce mortality and morbidity risk after acute coronary syndrome (ACS). Aim: This paper sought to examine rates and predictors of patient adherence to health recommendations after ACS. Methods: A cross-sectional survey of 210 Malaysian patients using consecutive sampling was conducted in early 2009 at a tertiary teaching hospital. The Medical Outcome Study Specific Adherence Scale (MOSSAS) questionnaire was adapted to measure the extent of patient adherence to recalled health recommendations. Logistic regression modelling was applied to determine odds ratio and factors of suboptimal adherence. Results: The suboptimal adherence rate was 65.2% (95% CI 58.8-71.7%). Recall of recommendation rates varied from 38.1% to 95.3%, whereas the adherence rates varied from 22.1% to 95.1% across the six aspects of health recommendation namely medication taking, dietary modification, regular physical exercise, stress reduction, gathering social support and avoidance of substance abuse. Those who had to adhere to more than three aspects of recommendations, active smokers and the Malay ethnic race had higher odds of suboptimal adherence. Conclusion: Monitoring of patient recall and adherence rate may provide information on the effectiveness of patient care management and outcomes. Identifying patients with higher risk for poor adherence is recommended for more targeted interventions.
Introduction
Acute coronary syndrome (ACS) accounts for a large portion of the morbidity and mortality of patients with coronary heart disease (CHD). 1 The incidence of ACS admission in Malaysia in 2006 was reported to be 47.1 per 100,000 populations. 2 Cardiovascular mortality risk in non-adherent ACS survivors is comparable to that of untreated patients, who risk a death rate of 5% per year following a first myocardial infarction. This risk increases with recurrence. 3 Cardiachealth enhancing recommendations prescribed to reduce cardiovascular risk are efficacious; 4, 5 however, the outcome is dependent on patient adherence. 6 Poor adherence affects treatment efficacy resulting in suboptimal health outcomes, contributes to the waste of scarce healthcare resources and an escalation of healthcare costs allocated for the treatment of disease complication. [7] [8] [9] Several models and theories were adapted in research to explain the complex interaction of multiple factors affecting adherence. 10 The five 'dimensions' described by the World Health Organization provides a broad framework to the diverse list of adherence factors. 7 The patient-related factors were the most widely studied compared to four other factors: (i) social and economic, (ii) healthcare team and system-related, (iii) therapy-related, and (iv) condition-related factors. 7 Several authors have attempted to integrate enormous findings from the last four decades of research by conducting systematic and non-systematic reviews. Meta analysis of 569 studies of diverse types by DiMatteo 8 yielded considerable adherence rates of various categories. Precluded from the analysis was adherence rate on a collection of cardiac health-enhancing recommendations as one single regimen which constitutes a component of cardiac rehabilitation (CR). Reviews on CR adherence have focused on studies of interventional design and on studies that measure adherence to exercise or CR attendance as the dependant variable. [11] [12] [13] [14] [15] Despite numerous associated factors for adherence being analysed, none could reliably predict poor adherence. 8, 11, 13, [15] [16] [17] [18] Differences in sample populations and regimen types, and the lack of a validated method for measuring adherence may contribute to the observed variation in the findings. Although all measures of adherence had limitations, the patient-reported methods were frequently used. The Medical Outcome Study (MOS) Adherence Scale 19 is one of the few patient-reported instruments that can measure adherence to several health behaviours.
A large proportion of adherence research centred on single treatment modality especially medication adherence. 6, 8, 12 Observational studies examining patient adherence to combinations of health behaviours are few, with one notable large study conducted by Kravitz et al. 19 The authors surveyed 1751 patients with diabetes mellitus, hypertension and heart disease for patient recall of and adherence to health recommendations. Adherence studies in Asian populations are even fewer. Thus, this study was conducted in Malaysia with the intention to add a valuable socio-cultural perspective to the pool of empirical evidence about patient adherence.
Problems of poor adherence are complex and persistent, as evidenced by continuing reports of low uptake and adherence to cardiac rehabilitation or secondary prevention programmes. 14, 17, 20 Regular monitoring and screening 7, 21 of patient adherence is a more practical solution that facilitates prompt identification of suboptimal adherence, which can then be improved or remedied. 21 This is especially critical when factors affecting adherence change, making patients more prone to relapse. Before we can improve adherence, we need to determine the adherence rate as well as the recall rate. Both rates can be proxy indicators to gauge the efficacy of a programme and the severity of the adherence problem. The determination of adherence and recall rates can aid in planning a more cost-effective and targeted approach or intervention. Therefore, the aim of this study was to examine (1) patient adherence to health recommendations that they recalled, and (2) the prevalence and predictors of adherence among ACS survivors.
Methods

Design and sampling
A cross-sectional survey was conducted from 1 January to 31 March 2009. Patients were sampled from a cardiac clinic and the wards of a large public tertiary teaching hospital in Kuala Lumpur, Malaysia. Only stable patients with indexed ACS diagnoses of less than 12 months during the study were recruited to minimize recall bias and time-dependent confounders. Patients with concomitant depression were excluded in view of evidence that depression is associated with poor adherence. 22, 23 The minimum sample size was calculated based on reported non-adherence rates of 30% in unexposed patients with an odds ratio of 2.5, 8, 24 power of 80% and alpha of 5%. Assuming a 1:1 ratio between exposed and unexposed groups, this gave a total sample size of 164. We factored in an additional 20% non-response rate to account for missing values which provided an eventual total of 197. However, the final number of patients recruited reached 211 by the end of the patient recruitment phase.
Data collection
There is no gold standard method available to measure various adherence behaviours. We chose the patientreported measure, as it is versatile, practical and widely accepted by patients. Collateral-reported rating was precluded because many patients came to the hospital alone or with someone who was unaware of their adherence behaviour. We chose not to use physiological measurements, such as serum cholesterol or blood pressure, as these can be influenced by various confounding factors (e.g. presence and severity of several co-existing chronic diseases, varying individual or genetic responses to disease and treatment); thus rendering them unreliable measures of adherence.
Permissive statements such as 'We are interested to know which healthcare precautions and recommendations seem to be easy or difficult to follow in your experience' prefaced the questionnaire to minimize negative patient perceptions towards terms like 'adherence' or 'compliance.' The questionnaire was administered by an interviewer only if requested by patients. Other measures to encourage honest responses from patients included informing them that the researcher was not directly involved with their care, using code to label the questionnaires, adopting non-judgemental attitudes throughout the interviewer-patient interaction, reassuring them of survey confidentiality, and emphasizing that the purpose of the study was not to seek personal weaknesses, but to identify shortcomings in current healthcare methods.
Ethical considerations
The study was approved by the Institutional Review Board (reference no: 691.20) and conformed to the principles outlined in the Declaration of Helsinki. Informed consent from patients was obtained prior to administering the questionnaire.
Measure of adherence: validity and reliability
The Medical Outcome Study Specific Adherence Scale (MOSSAS), which is specific to patients with heart disease, was used to examine adherence to a wide range of behaviours. 19, 25, 26 Content validity of MOSSAS was checked by a cardiologist and a nurse specialist in the Coronary Care Unit. An item pertaining to adherence to cardiac rehabilitation was excluded, because the service was not fully established during data collection. The questionnaire was translated into three major languages used in Malaysia, namely Malay, Mandarin and Tamil. We did not perform forward-backward translation, as this method is arguably based on expert opinion rather than scientific evidence. 27 The original and translated questionnaires were verified by two bilingual, literate patients for each language. Items in the source version of MOSSAS were straightforward and no discrepancies in their translation were detected. Based on a pre-test involving 20 patients, all items were retained, but the questionnaire was slightly reformatted to a more readerfriendly layout.
Two parallel lists to differentiate adherence behaviours from health behaviours were administered: (1) a list requesting patients to recall health recommendations they received by responding with a 'Yes' or 'No'; and (2) the nine-item MOSSAS survey asking patients to rate how often they had performed those recommended behaviours in the past 4 weeks on a six-point scale in which 1 = 'none', 2 = 'rarely', 3 = 'sometimes', 4 = 'a lot of time', 5 = 'most of the time', and 6 = 'all the time'. We defined adherence as 'the extent to which patients follow the instructions they are given for prescribed treatment'. 28 Thus, only reported behaviours that corresponded with recommendations recalled by patients were scored from 1-6 according to scale. We found Cronbach's alpha coefficient of MOSSAS to be 0.58, which was slightly less than the values obtained by Spernak et al., 26 Fogel 25 and Kravitz et al., 19 who reported values of 0.63, 0.77 and 0.53, respectively, in Caucasian subjects. Kehoe 29 suggested that an alpha value of at least 0.5 was acceptable for a short instrument consisting of 10-15 items, thus, we accepted the modest internal consistency of MOSSAS in our study.
Data analysis
Data were analyzed using SPSS v.17 software (IBM). The MOSSAS items were categorized into six aspects of health recommendations (Table 1 ) and were descriptively analyzed for recall and adherence rates ( Table 2) . For each patient, adherence scores for behaviours that corresponded with recommendations recalled were summed and averaged to compute an overall adherence score. Patients with overall adherence scores < 5 were considered suboptimal adherers, indicating that they performed the recommended behaviours less than 'most of the time' on average. The proportion of suboptimal adherers was used to calculate prevalence of suboptimal adherence.
Chi-squared (χ²) tests were used to determine crude associations of suboptimal adherence in relation to 11 predictor variables of interest listed in Table 3 . Multiple logistic regression using the Hosmer-Lemeshow approach (backward elimination) was used to account for confounding factors and to discover independent predictors. A p value < 0.25 was used for entry into the model. The difference in −2 log likelihood ratio between the full and nested models was compared with χ² values with the appropriate degrees of freedom. Results were reported as odds ratios with 95% confidence intervals (CI). All statistical tests were performed with a significance level of p < 0.05. 
Results
Sample characteristics
Response rate was 99.5% (n = 210), with one respondent excluded from analyses due to lack of response to MOSSAS. High response rates could be attributed to low respondent burden of MOSSAS and the provision of a private room for the respondents to complete the questionnaire while waiting for consultation with physicians. Respondent demographics and clinical characteristics are summarized in Table 3 . The high number of unemployed patients (n = 135, 64.3%) can be attributed to the 138 (65.7%) patients who were at least 55 years of age, the retirement age in Malaysia at the time of study. All reported smokers and drinkers prior to the recent ACS were male patients. Twenty-one (72%) out of 29 active smokers were younger than 60 years. The median duration of adherence to the recommended lifestyle changes following ACS was 18 weeks with an inter-quartile range of 7-31 weeks. Table 2 summarizes the recall rates in descending order. Two categories of optimal adherence rates were based on the proportion of patients with adherence scores ≥ 5 and of 6 on the MOSSAS scale. Fifty-five (26.2%) patients had support from family and/or friends on a frequent basis even without a recommendation by a healthcare provider. Seventy-one (33.8%) patients had recalled and adhered to at least five aspects of the recommendations. Adherence to the stress-reduction recommendation was the lowest among all recommendations (Table 2) .
Recollection and adherence to each aspect of health recommendations
Prevalence and factors of suboptimal adherence
The prevalence of suboptimal adherence in Malaysian patients following ACS was 65.2% (95% CI 58.8-71.7%).
The proportion and odds ratio of suboptimal adherers were examined according to various patient characteristics (Table 3) . 
Discussion
This study found a high prevalence of suboptimal adherence with varying recall and adherence rates among Malaysian patients within the first year of an ACS diagnosis. Our results indicate that there are three predictors of adherence, Adherence rates were based on adherent behaviours that corresponded with health recommendations recalled by patients. Adherence score of 5 corresponded on the MOSSAS scale of 5 ('most of the time') and score of 6 to MOSSAS scale of 6 ('all the time'). namely race, number of behavioural changes and smoking status.
Recalled rates
The descending order of rates of recall of health recommendations depicted in Table 2 is comparable to the results of another similar study. 19 Wide variations in recall rates can be attributed to several factors, including the patient's tendency to forget a portion of information, especially when this information was presented in large amounts. 30, 31 A median hospital stay of 4-5 days for patients admitted with ACS 32 limited the opportunity to support, educate and counsel patients in a timely and unhurried manner, particularly to promote adherence to a wide range of lifestyle modifications. The recall rates can be a proxy indicator for gauging the effectiveness of information delivery to patients. Acquisition of knowledge or health literacy on cardiovascular risk reduction measures was associated with and is a precursor to adherence. 18, 31 Data on recall rates also provide information on areas of need. For instance, acquiring a social support network is an area for potential improvement, as many patients in this study reported receiving support from a social network even though it was not explicitly recommended by a healthcare professional. Other studies have reported that favourable social support can encourage adherence behaviour. 33, 34 Low recall rates with corresponding low adherence rates for stress reduction indicate a need for further research to provide patients with the means to reduce and manage stress. A qualitative inquiry to obtain the patient's perspective on stress management after ACS is recommended in order to uncover methods suited to patient type for countering stress.
Adherence rates
If we consider optimal adherence in taking medication to be a score of 6 ('all the time'), then the rate of 19% in this study is far lower than the 91.3% reported by Kravitz et al. using the same scale. 19 We must note, however, that the latter study was conducted two decades ago in three large US cities. Differences in culture and the socio-economic profiles, such as inflation and demographic characteristics of this study (e.g. higher proportion of males and married respondents, lower education and lower income levels), are possible reasons for the aforementioned difference in medication adherence rates. However, the difference was reduced when we used a score of 5 ('most of the time'), which is a reasonable cut-off point based on a study by Rieckmann et al. 35 They defined medication adherence as taking the correct number of pills on atleast 80% of the days using the Medication Event Monitoring System (MEMS), which can record the date and time whenever the drug container cap is opened. We note that the cut-off point to classify optimal medication adherence is arbitrary and varies between studies, being dependent on various factors, including the types of instruments used. The medication adherence rate in this study was 62.6% when we used a score of 5 as the cut-off value. This rate is comparable to reviews and studies that have shown that medication adherence rates tended to converge around 50% in populations with chronic diseases. 7, 36 At this rate, medication adherence was higher than adherence to dietary modification, regular exercise, stress reduction and gathering of social support in descending order. This observation is consistent with previous studies. 19, 25, [37] [38] [39] The low exercise adherence rate was also consistent with the findings of previous studies. 12, 19 The less-thanideal rate of medication and exercise adherence observed in this study could be attributed to lack of enrolment of study participants in a cardiac rehabilitation programme which had not been fully established when we collected our data. Besides access to a rehabilitation programme, cultural factors may in part account for these low adherence rates as has been highlighted by Galdas et al., 40 but further research is necessary to confirm this conjecture. More interventional studies are needed to promote greater participation in cardiac rehabilitation programmes, which are associated with improved adherence rates. 41 Despite high recall rates, adherence to smoking cessation and alcohol limitation were less than ideal at 50.0% and 68.3% respectively. Still, these rates were higher than the respective rates of 9.6% and 40% reported by Kravitz et al. 19 The observed differences can be attributed to the changing trends in the management of CHD that are moving towards promoting smoking cessation more intensively and the prohibition of alcohol in Islam, the religion of the Malays.
Prevalence of adherence
In this study, we obtained a suboptimal adherence of 65.2%, which is higher than the average of 23.4% reported in a meta-analysis of 129 studies in patients with cardiovascular diseases on varying treatment regimes. 6 The suboptimal adherence rate was also higher than the 56% reported by Aziz and Ibrahim 42 who examined medication adherence among Malaysians. These results support the findings that adherence to a variety of lifestyles or behavioural changes is relatively harder than adherent behaviour that is solely focused on taking medication. 31 
Factors of adherence
We found three major factors influencing adherence, namely smoking status, number of adherence behaviours and ethnicity. We found higher odds of suboptimal adherence in active smokers, which confirms previous observations. 38, 43 A review by Taylor et al. 11 reported that three out of 10 studies found higher odds of poor adherence among active smokers. The stressful experience of nicotine withdrawal may make it difficult for smokers to change their lifestyle or behaviour. We also found higher odds of suboptimal adherence among patients who had to adhere to more than three types of recommendations. The more types of changes required, the harder it becomes for patients to acquire adherence skills and make behavioural or lifestyle changes. 7, 16, 44, 45 The difference in the odds of suboptimal adherence among major races in Malaysia is an interesting new finding, as there is no published study that describes this association. We speculate that different health behaviours and practices exist among the major races in Malaysia, which may influence the adherence rates reported in this study. It has also been noted that religious beliefs and practices can promote an optimistic view towards daily experiences, and that religion is often used for coping or adaptation in any stressful situation, 46 including the stress of lifestyle modifications. However, a study using a mixed-methods approach with a larger sample size is necessary to test this hypothesis. Future strategies to tackle suboptimal adherence will require healthcare providers to be culturally aware and competent. 40, 47, 48 In this study, we found that patient age did not strongly influence the multivariable model. This is in contrast with a review that reported six studies, which found an association (although with inconsistent directions) between age and adherence. 11 We also found no association between socio-economic factors with suboptimal adherence. These observations could be attributed to study site and patient demographics. This study was conducted in a public hospital that charges lower rates than private hospitals, and accords free medical benefits to government retirees. When patients have access to healthcare, it enhances their adherence. 7 We could not establish any association between duration and adherence behaviours in this study. The adherence duration (less than a year following the ACS event) in our study may be too short to be predictive of adherence patterns across time. This also suggests that assessing patient adherence can be carried out at any time during each year. The absence of a relationship between types of ACS and adherence behaviour may be moderated by the patient's perception of illness severity. 18 After an acute episode, symptoms experienced by survivors of different types of ACS were often similar and not severe enough to cause marked limitations to patient adherence capacity.
Study limitations
It is well documented that adherence is a difficult construct to measure accurately. This is particularly so when we attempt to measure adherence to a wide range of behaviours. Some degree of recall bias and social desirability response bias is inherent with the survey approach using patient-reported measures. Interviewer biasness was inevitable as some of the elderly and low literacy patients had requested questionnaires to be interview-administered by the researcher. Time constraints limited us to a cross-sectional study design that could only allow measurements of absolute levels rather than measuring changes in adherence behaviours. The sampling was confined to a single site, limiting our ability to generalize our findings to populations with different socio-economic topologies. However, the patient demographics were congruent with age, gender and ethnic prevalence of CHD observed in a national ACS registry report. 32 
Conclusion and recommendations
This study proposes that healthcare professionals should screen or assess the patient's adherence level without prejudice, especially those patients who have higher odds of suboptimal adherence, including those who have to adhere to more than three behavioural changes. This approach should be intensified when providing healthcare to active smokers, especially in view of the reported 36% reduction in crude relative risk of mortality when they quit smoking, a benefit that is comparable to the use of statins in lowering cholesterol. 49 The difference in the odds of suboptimal adherence among major races in Malaysia indicated a need to address the importance of having culturally competent healthcare providers in promoting adherence.
The results also suggest that suboptimal adherence is high. Regular monitoring of patient adherence rates as well as recall rates using a manageable approach such as patientreported measure can provide information on the effectiveness of patient care management.
